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DESCRIPTION 

Gene involved in growth-promoting function of acetic acid bacteria and uses thereof 
Technical Field 

The present invention relates to an acetic acid-resistant microorganism, and 
more specifically, to a gene encoding a protein having a growth-promoting function 
derived from a microorganism, a microorganism wherein the number of copies of such 
gene is amplified, and a method for producing vinegar using such microorganisms. 

Background Art 

Acetic acid bacteria are microorganisms broadly utilized for vinegar 
production. In particular, acetic acid bacteria belonging to the genus Acetobacier and 
the same belonging to the genus Gluconacetobacter are used for industrial acetic acid 
fermentation. 

In acetic acid fermentation, ethanol contained in media is oxidized and 
converted into acetic acid by acetic acid bacteria. As a result, acetic acid is 
accumulated in the media. Acetic acid is also inhibitory on acetic acid bacteria. As 
the amount of accumulated acetic acid increases and the acetic acid concentration in 
media becomes higher, the growth ability and the fermentation ability of acetic acid 
bacteria gradually decrease. 

In particular, growth induction period, that is, the period until acetic acid 
bacteria actually start to grow, and then it becomes possible to confirm the accumulation 
of acetic acid, tends to be longer as the acetic acid concentration becomes higher. 

Hence, in acetic acid fermentation, it is desired to further shorten the growth 
induction period, even in the case of a higher acetic acid concentration. As a means for 
this purpose, a method has been disclosed that involves adding PQQ 
(4,5-dihydro-4,5-dioxo-lH-pyrrolo [2,3-fl quinoline-2,7,9-tricarboxylic acid) to a 
fermention liquid to promote growth, so as to shorten so-called the growth induction 
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period (e.g., see JP Patent Publication (Kokai) No. 61-58584 A (1986)). 

However, obtaining PQQ in large quantities is difficult, and PQQ is expensive. 
Thus, implementation of such a method at industrial scale has been considered to be 
uneconomical. Accordingly, efforts have been made to breed and improve acetic acid 
bacteria by promoting the growth (resistance to acetic acid) of acetic acid bacteria in the 
presence of a high acetic acid concentration, cloning genes encoding proteins having a 
function capable of shortening so-called the growth induction period (genes involved in 
growth promotion), and using the genes involved in growth promotion. 

However, no genes involved in growth promotion of acetic acid bacteria have 
been isolated so far. Under such circumstances, isolation of a novel gene having a 
growth-promoting function and encoding a protein that has functions to promote at a 
practical level the growth (resistance to acetic acid) of acetic acid bacteria in the 
presence of a high acetic acid concentration and to shorten the growth induction period, 
and generating acetic acid bacteria having a stronger growth function using the gene 
involved in growth promotion have been desired. 

Disclosure of the Invention 

The objects of the present invention are to isolate a novel gene having a 
growth-promoting function and encoding a protein capable of improving at a practical 
level a growth function (resistance to acetic acid) in the presence of a high acetic acid 
concentration and of shortening a so-called growth induction period, to breed an acetic 
acid bacterium having a better growth-promoting function using the gene having such 
growth-promoting function, and to provide a method for efficiently producing vinegar 
with a high acetic acid concentration using the acetic acid bacterium. 

We generated a hypothesis that a specific gene encoding a protein having a 
growth-promoting function that is absent in other microorganisms could be present in 
acetic acid bacteria that are capable of growing and fermenting even in the presence of 
acetic acid. We then attempted to isolate such gene and thus have succeeded in 
isolation of such novel gene. Furthermore, we have obtained findings that the use of 
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such gene encoding a protein having a growth-promoting function enables improvement 
in the growth-promoting function and the resistance to acetic acid of microorgamsms, as 
well as efficient production of novel vinegar containing acetic acid at a h.gh 
concentration. Thus, we have completed the presem invention. 

The present invention is as described in the following (1) to (8). 

(1) A protein of the following (A) or (B): 

(A) a protein containing the amino acid sequence shown in SEQ ID NO: 2; or 

(B) a protein containing an amino acid sequence derived fi-om the amino acid 
sequence shown in SEQ ID NO: 2 by substitution, deletion, insertion, addition, or 
inversion of 1 or several amino acids and having a growth-promoting function. 

(2) A DNA, which encodes the following protein (A) or (B): 

(A) a protein containing the amino acid sequence shown in SEQ ID NO: 2; or 

(B) a protein containing an amino acid sequence derived from the amino acid 
sequence shown in SEQ ID NO: 2 by substitution, deletion, insertion, .addition, or 
inversion of 1 or several amino acids and having a growth-promoting function. 

(3) A DNA of the following (A), (B), or (C): 

(A) a DNA containing the nucleotide sequence of nucleotide Nos. 180 to 1376 

in the nucleotide sequence shown in SEQ ID NO: 1; 

(B) a DNA being capable of hybridizing under stringent conditions to a DNA 
consisting of a sequence complementary to the nucleotide sequence of nucleotide Nos. 
180 to 1376 in the nucleotide sequence shown in SEQ ID NO: 1, and encoding a protem 
having a growth-promoting function; or 

(C) a DNA being capable of hybridizing under stringent conditions to a DNA 
consisting of a nucleotide sequence that is produced from a part of the nucleotide 
sequence of nucleotide Nos. 180 to 1376 in the nucleotide sequence shown in SEQ ID 
NO: 1, having a function as a primer or a probe, and encoding a protein having a 
growth-promoting function. 

(4) A recombinant vector, which contains the DNA of (2) or (3) above. 

(5) A transformant, which is transformed with the recombinant vector of (4) above. 



(6) A microorganism having an enhanced growth-promoting function, wherein the 
number of copies of the DNA of (2) or (3) above is amplified within a cell. 

Examples of the above microorganisms include acetic acid bacteria belonging 
to the genus Acetobacter or the genus Ghwonacetobacter. 
5 (7) A method for producing vinegar, which comprises culturing the microorganism of 
(6) above in a medium containing alcohol and causing the microorganism to generate 
and accumulate acetic acid in the medium. 

(8) Vinegar containing acetic acid at a high concentration, which is obtained by the 
method of (7) above. 
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Brief Description of the Drawings 

Fig. 1 is a schematic diagram of the restriction enzyme map of a gene 
fragment (containing pSlO and ompA) derived from Gluconacetohacter entanii. 

Fig. 2 shows the process of culturing a transformant in a medium containing 
15 acetic acid, which has an amplified number of copies of a gene that is derived from 
Gluconacetohacter entanii and has a growth-promoting function. 

Fig. 3 shows the amino acid sequence (SEQ ID NO: 2) of a protein encoded 
by a gene that is derived from Gluconacetohacter entanii and is involved in a 
growth-promoting function. 
20 Fig. 4 shows the construction scheme and the restriction enzyme map for 

pGI18. 

Best Mode of Carrying Out the Invention 

The present invention is described in detail as follows. This application 
25 claims a priority from Japanese patent application No. 2003-183047 filed on June 26, 
2003, and the content of which described in the specification and/or drawings is herein 
incorporated. 

1. Isolation of a gene encoding a protein having a growth-promoting function 

4 



We have developed a method for isolating a gene having a growth-promoting 
function from acetic acid bacteria and have attempted to isolate a gene having such 
function. According to this isolation method, a gene having a growth-promoting 
function is isolated from acetic acid bacteria by constructing a chromosomal DNA 
5 library of acetic acid bacteria, transforming acetic acid bacteria with the chromosomal 
DNA library, and then screening for an acetic acid bacterial strain capable of growing 
within 3 days on agar media in the presence of 1% acetic acid, whereas acetic acid 
bacteria generally require 4 days to grow on the same media. 

By the application of this method to acetic acid bacteria belonging to the 

10 genus Gluconaceiohacter^ which are actually used for vinegar production, we have 
succeeded for the first time in cloning a novel gene having a growth-promoting function. 
The novel gene can improve the growth-promoting function by which a growth function 
(resistance to acetic acid) is enhanced at a practical level in the presence of a high acetic 
acid concentration and the growth induction period is shortened. 

15 The thus obtained acetic acid resistance gene has homology to some extent 

with a group of proteins produced by an ompA gene that has been found in Escherichia 
coli, an ompA gene from Caulobacter crescentiis, and others, as a result of a homology 
search of DDBJ/EMBL/Genbank and SWISS-PROT/PIR. It was presumed that the 
gene is the ompA gene from acetic acid bacteria. 

20 Furthermore, the ompA gene of the present invention has 36% homology at 

the amino acid sequence level with the ompA gene from Escherichia coli and has 30% 
homology at the amino acid sequence level with the ompA gene from Caulobacter 
cresceiitus. Because of such extremely low degrees of homology, it was confirmed 
that the ompA gene of the present invention is somewhat analogous to ompA genes from 

25 other microorganisms, but is a novel gene (hereinafter, also referred to as the ompA 
gene) encoding a novel protein (hereinafter, also referred to as the protein OMPA) 
specific to acetic acid bacteria. 

In the present invention, a transformant having an amplified number of copies 
of the ompA gene was generated by ligating the ompA gene to a plasmid vector and then 



transforming an acetic acid bacterium with the vector. In such transformant, resistance 
to acetic acid was significantly enhanced (see Example 3). Furthermore, when the 
transformant was cultured with aeration in the presence of ethanol, its ability to ferment 
acetic acid, and particularly, its growth-promoting function, were significantly 
5 enhanced. Growth-promoting function (resistance to acetic acid) in the presence of a 
high acetic acid concentration was also enhanced. Hence, shortened growth induction 
period, enhanced growth rate, ability to grow in increased acetic acid concentrations and 
the like were confirmed (see Examples 2 to 4). Accordingly, it could be confirmed that 
the ompA gene surely encodes a protein having a growth-promoting function and that 
10 the gene is expressed so that the function of the protein can be exerted. Hence, we 
have expected that vinegar with a high acetic acid concentration can be efficiently 
produced using a microorganism wherein the number of copies of the ompA gene is 
amplified. 

15 2. DNA and protein of the present invention 

The DNA of the present invention encodes the ompA gene derived from an 

acetic acid bacterium and encodes a regulatory sequence of the gene. Furthermore, it 

is presumed that the DNA encodes a protein having a function to improve resistance to 

acetic acid and a grovs^h-promoting function (SEQ ID NO: 2). 
20 The DNA of the present invention can be obtained from the chromosomal 

DNA of Gluconacetobacter ejitanii as described below. 

First, a chromosomal DNA library of Gluconacetobacter entanii, such as the 

Acetobacter altoacetigenes MH-24 strain (deposited under accession number FERM 

BP-491 on February 23, 1984, (original deposition) with the International Patent 
25 Organism Depositary (Tsukuba Central 6, 1-1-1 Higashi Tsukuba, Ibaraki, Japan), the 

National Institute of Advanced Industrial Science and Technology (AIST)), is prepared. 

The chromosomal DNA can be obtained by a conventional method (e.g., see JP Patent 

Publication (Kokai) No. 60-9489 A (1985)). 

Next, to isolate the ompA gene, a chromosomal DNA library is constructed 
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from the above-obtained chromosomal DNA. First, the chromosomal DNA is partially 
digested with appropriate restriction enzymes to obtain a mixture of various fragments. 
Through the regulation of time for cleavage reaction and the like so as to regulate the 
degrees of cleavage, wide-ranging types of restriction enzymes can be used. For 
example, the chromosomal DNA can be digested by applying Sau3A I to the DNA at a 
temperature of 30°C or more, preferably at 37°C, at an enzyme concentration ranging 
from 1 to 10 units/ml for various reaction time (1 minute to 2 hours). 

Next, the thus cleaved chromosomal DNA fragments are ligated to a vector 
DNA that is autonomously replicable within acetic acid bacteria, thereby constructing a 
recombinant vectors. Specifically, the vector DNA is reacted with a restriction enzyme 
(e.g., BamH I, which causes the generation of a terminal nucleotide sequence 
complementary to the restriction enzyme Sau3A I used for the cleavage of the 
chromosomal DNA) under conditions of a temperature of 30°C and an enzyme 
concentration ranging from 1 to 100 units/ml for 1 or more hours, thereby completely 
digesting and cleaving the vector DNA. 

Next, the mixture of chromosomal DNA fragments obtained as described 
above is mixed with the cleaved vector DNA, and then T4 DNA ligase is added and 
reacted under conditions in which temperature ranges from 4°C to 16°C and enzyme 
concentration ranges from 1 to 100 units/ml for 1 or more hours (preferably 6 to 24 
hours), thereby obtaining a recombinant vector. 

Methods for constructing a chromosomal DNA library from chromosomal 
DNA are known in the art (e.g., the shot gun method), and are not limited to the above 
method. 

An acetic acid bacterium that generally requires 4 days to grow in the 
presence of 1% acetic acid concentration on an agar medium, such as the Acetobacier 
aceti No. 1023 strain (deposited under accession number FERM BP-2287 on June 27, 
1983, (original deposition) with the International Patent Organism Depositary (Tsukuba 
Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan), the National Institute of Advanced 
Industrial Science and Technology) is transformed using the thus obtained recombinant 



vector. Subsequently, the strains are spread on a 1% acetic acid-containing agar 
medium, followed by 3 days of culture. The generated colonies are inoculated and 
cultured in a liquid medium. Plasmids are collected from the thus obtained bacteria, so 
that DNA fragments containing the ompA gene can be obtained. 
5 A specific example of the DNA of the present invention is a DNA having the 

nucleotide sequence shown in SEQ ID NO: 1. In such DNA, the nucleotide sequence 
of nucleotide Nos. 180 to 1376 in SEQ ID NO: 1 is a coding region that encodes the 
protein shown in SEQ ID NO: 2. 

The nucleotide sequence shown in SEQ ID NO: 1 or the amino acid sequence 

10 shown in SEQ ID NO: 2 (corresponding to nucleotide Nos. 180 to 1376 of SEQ ID NO: 
1 in Fig. 3) showed 36% homology at the amino acid sequence level with the ompA 
gene from Escherichia coli and showed 30% homology at the amino acid sequence level 
with the ompA gene from Caidobacter crescentus as a result of homology search of 
DDBJ/EMBL/Genbank and SWISS-PROT/PIR. Thus, it was presumed that the 

15 relevant gene encodes a protein OMPA. However, because both homologies were as 
low as 40% or less, it was evident that the gene is a novel gene differing from these 
genes. 

Regarding the DNA of the present invention, the nucleotide sequence of the 
ompA gene encoded by the DNA has been elucidated here. Thus, the DNA can be 

20 obtained by polymerase chain reaction (PGR reaction) using genomic DNA of an acetic 
acid bacterium, Ghwonacetohacter erttanii, as a template, and oligonucleotides 
synthesized based on the nucleotide sequence as primers, or by hybridization using an 
oligonucleotide synthesized based on the nucleotide sequence as a probe, for example. 
Such DNA having functions as a primer or a probe and prepared from a partial sequence 

25 of the ompA gene is also encompassed in the DNA of the present invention. 
Specifically, DNA consisting of the sequence shown in SEQ ID NO: 3 or 4 can be used 
as a primer in the present invention, but the DNA of the present invention is not limited 
thereto. Here, "having functions as a primer or a probe" means to have the length and 
nucleotide composition of a nucleotide sequence, which enable use as a primer or a 



probe. Design of such DNA capable of functioning as a primer or a probe is 
well-known by persons skilled in the art. 

DNA (oligonucleotide) can be synthesized according to a conventional 
method using various commercially available DNA synthesizers, for example. 
5 Furthermore, PCR reaction can be carried out according to a conventional method using 
Taq DNA polymerase (produced by TAKARA BIO INC.), KOD-Plus- (produced by 
TOYOBO CO., LTD.), and the like using the Thermal Cycler Gene Amp PCR system 
9700 produced by Applied Biosystems. 

Furthermore, the OMPA protein of the present invention is encoded by the 
10 above DNA and specifically contains the amino acid sequence shown in SEQ ID NO: 2. 
As long as a protein containing the amino acid sequence shown in SEQ ID NO: 2 retains 
a growth-promoting function, the amino acid sequence may comprise a mutation such as 
substitution, deletion, insertion, addition, or inversion in a plurality of, and preferably 1 
or several, amino acids. 

15 For example, the protein of the present invention also includes a protein 

containing an amino acid sequence derived from the amino acid sequence shown in SEQ 
ID NO: 2 by deletion of 1 to 10 and preferably 1 to 5 amino acids, addition of 1 to 10 
and preferably 1 to 5 amino acids, or substitution of 1 to 10 and preferably 1 to 5 amino 
acids with other amino acids. DNA that encodes such protein containing an amino acid 

20 sequence mutated as described above and having a growth-promoting function can also 
be obtained by a site-directed mutagenesis method; specifically, by ahering the 
nucleotide sequence for deletion, substitution, insertion, addition, or inversion of amino 
acids at specific sites, for example. Moreover, the DNA altered as described above can 
also be obtained by a conventionally known treatment to cause mutation. 

25 Furthermore, a variant of the DNA of the present invention encoding a protein 

having a growth-promoting function can also be synthesized by the site-directed 
mutagenesis method or the like. In addition, to introduce mutation into the DNA that 
is a gene, a known technique such as the Kunkel method and the gapped duplex method 
or modified methods according thereto can be employed. For example, mutation is 



introduced using a kit for introducing mutation, which uses the site-directed mutagenesis 
method (e.g., Mutan-K (produced by TAKARA BIO INC.) or Mutan-G (produced by 
TAKARA BIO INC.)) or the like. Furthermore, mutation can be introduced into a gene, 
or a chimeric gene can also be constructed by techniques such as error-prone PCR, DNA 
5 shuffling, or the like. The error-prone PCR technique and the DNA shuffling 
techniques are known in the technical field. For example, regarding the error-prone 
PCR, see Chen K, and Arnold FH. 1993, Proc. Natl. Acad. Sci. U.S.A., 90: 5618-5622, 
and regarding the DNA shuffling technique, see Stemmer W. P. 1994, Nature, 370: 
389-391 and Stemmer W. P., 1994, Proc. Natl. Acad. Sci. U.S.A. 91: 10747-10751. 

10 Here, "growth-promoting function" in the present invention indicates a 

function to promote the growth of microorganisms in the presence of acetic acid. More 
specifically, the term means a rapid growth rate or a large amount of growth of bacteria 
in the presence of acetic acid. Furthermore, the term also indicates a high upper limit 
of acetic acid concentration, at which growth or acetic acid fermentation is possible. 

15 Such "growth-promoting function" can also mean a function to enhance resistance to 
acetic acid. Whether or not a gene wherein mutation is introduced as described above 
encodes a protein having such growth-promoting function can be confirmed by 
determining the presence or the absence of growth in a medium containing acetic acid, 
as shown in the examples. 

20 Furthermore, it is generally known that the amino acid sequence of a protein 

and the nucleotide sequence encoding the protein differ slightly among different species, 
strains, variants, and varieties. DNAs encoding substantially identical proteins can be 
obtained from all acetic acid bacteria, particularly those of species or strains belonging 
to the genus Acetobacter or the genus Glnconacetobactei\ as well as variants, and 

25 varieties thereof. 

Specifically, for example, in the nucleotide sequence shown in SEQ ID NO: 1, 
a DNA that hybridizes under stringent conditions to a DNA consisting of a part of a 
nucleotide sequence complementary to the nucleotide sequence consisting of nucleotide 
Nos. 180 to 1376 or to a DNA consisting of a nucleotide sequence that can be a probe 
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prepared from a part of the DNA of nucleotide Nos. 180 to 1376 and that encodes a 
protein having a growth-promoting function can be isolated from acetic acid bacteria 
belonging to the genus Aceiobacter or the genus Gliiconacetobacter^ mutated acetic acid, 
bacteria belonging to the genus Acetobacter or the genus Gluconacetobacter, or 
5 naturally mutated strains or varieties thereof In this way, a DNA encoding a protein 
substantially identical to the aforementioned protein, that is, a protein retaining a 
growth-promoting function, can also be obtained. The term "stringent conditions" 
used herein means conditions whereby so-called specific hybrids are formed and 
non-specific hybrids are not formed. It is difficult to precisely represent such 

10 conditions in numerical values. For example, such conditions are conditions wherein 
nucleic acids sharing high homology, such as 70% or higher homology, hybridize to 
each other, and nucleic acids sharing homology lower than this level do not hybridize to 
each other. Other such examples include general washing conditions for hybridization, 
such as conditions wherein washing is carried out at 60^C with a salt concentration 

15 corresponding to 0.1% SDS in the case of IxSSC, 

3. Acetic acid-resistant microorganism (microorganism having enhanced 
growth-promoting function) of the present invention 

The DNA of the present invention encodes a protein OMPA having a 
20 growth-promoting function. By the use of the DNA of the present invention, a 
microorganism having an enhanced growth-promoting function in the presence of acetic 
acid, that is, a microorganism having enhanced resistance to acetic acid, can be 
produced. 

The growth-promoting function of a microorganism can be enhanced, for 
25 example, by ligating the ompA gene to a recombinant vector and transforming a 
microorganism with the vector so as to amplify the intracellular number of copies of the 
gene, or by ligating a structural gene portion of the gene and a promoter sequence that 
efficiently functions in a microorganism to a recombinant vector and transforming the 
microorganism with the vector, so as to amplify the number of copies of the gene and to 



enhance the gene expression. 

The recombinant vector of the present invention can be obtained by Hgating 
the DNA encoding the OMPA protein as described in the above section "2. DNA and 
protein of the present invention" to an appropriate vector. A transformant can be 
5 obtained by transforming a host using such recombinant vector of the present invention 
so that the ompA gene can be expressed. 

As a recombinant vector, a phage or a plasmid that is autonomously replicable 
within hosts can be used. Examples of plasmid DNA include plasmids derived from 
Escherichia coli (e.g., pBR322, pBR325, pUCllS, pET16b and so on), plasmids derived 

10 from Bacillus subtilis (e.g., pUBllO, pTP5 and so on), and plasmids derived from yeast 
(e.g., YEpl3, YCp50 and so on). Examples of phage DNA include X phages (e.g., 
XgtlO, A^ZAP and so on). Furthermore, a transformant can also be prepared using an 
animal virus vector such as retrovirus or vaccinia virus, an insect virus vector such as 
baculovirus, a bacterial artificial chromosome (BAG), yeast artificial chromosome 

15 (YAC), or the Hke. 

Furthermore, target DNA can also be introduced into a host using a 
multi-copy vector, transposon, or the like. In the present invention, such multi-copy 
vector or transposon is also included in the recombinant vector of the present invention. 
Such multi-copy vector includes pUF106 (e.g., see Fujiwara, M. et al.. Cellulose, 1989, 

20 153-158), pMV24 (e.g., see Fukaya, M. et al., Appl. Environ. Microbiol., 1989, 55: 
171-176), pGI18 (e.g., see the specification of JP Patent Application 2003-350265; 
Example 3), pTA 5001 (A), and pTA 5001 (B) (e.g., see JP Patent Publication (Kokai) 
No. 60-9488 A (1985)). A chromosome integration-type vector pMVLl (e.g., see 
Okumura, H. et al., Agric. Biol. Chem., 1988, 52:3125-3129) can also be used. 

25 Moreover, examples of such transposon include Mu and IS 1452. 

To insert the DNA of the present invention into a vector, a method that 
involves cleaving purified DNA with an appropriate restriction enzyme and then 
inserting the resultant into a restriction enzyme site or a multi-cloning site of appropriate 
vector DNA so as to ligate it to the vector is employed, for example. 

12 



The DNA of the present invention should be incorporated into a vector so that 
the functions of a gene encoded by the DNA are exerted. Hence, in addition to a 
promoter and the DNA of the present invention, if desired a cis element such as an 
enhancer, a splicing signal, a polyA addition signal, a selection marker, a 
5 ribosome-binding sequence (SD sequence), or the like can be ligated to a recombinant 
vector of the present invention. Furthermore, examples of such selection marker 
include a dihydrofolate reductase gene, a kanamycin resistance gene, a tetracycline 
resistance gene, an ampicillin resistance gene, and a neomycin resistance gene or the 
like. 

10 Furthermore, to substitute a promoter sequence of the ompA gene on the 

chromosomal DNA with another promoter sequence capable of efficiently functioning in 
acetic acid bacteria belonging to the genus Acetobacter or Glucoimcetobacter, a vector 
for homologous recombination is constructed and then homologous recombination is 
occurred in the chromosome of a microorganism using the vector. Examples of such 

15 promoter sequence include those derived from microorganisms other than acetic acid 
bacteria, such as a promoter sequence of an ampicillin resistance gene of Escherichia 
coli plasmid pBR322 (produced by TAKARA BIO INC.), that of a kanamycin resistance 
gene of a plasmid pHSG298 (produced by TAKARA BIO INC.), that of a 
chloramphenicol resistance gene of a plasmid pHSG396 (produced by TAKARA BIO 

20 INC.), and that of a P-galactosidase gene or the like. Construction of a vector for 
homologous recombination is known by persons skilled in the art. As described above, 
through arrangement of the endogenous ompA gene in a microorganism under control of 
a strong promoter, the number of copies of the ompA gene is amplified and thus the 
expression is enhanced. 

25 Microorganisms to be used for transformation are not specifically limited, as 

long as they can express introduced DNA. Examples of such microorganisms include 
bacteria (e.g., Escherichia coli, BaciUns subtilis, and lactic acid bacteria), yeast, and 
fungi such as those belonging to the genus AspergiUus, In the present invention, it is 
preferable to use acetic acid bacteria as the microorganisms used herein because of the 
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purpose of enhancing the growth-promoting function thereof. Among acetic acid 
bacteria, bacteria belonging to the genus Acetobacter and those belonging to the genus 
Ghiconacetobacter are preferable. 

An example of bacteria belonging to the genus Acetobacter is Acetobacter 
5 aceti. Specifically, for example, the Acetobacter aceti No. 1023 strain (FERM 
BP-2287), the Acetobacter aceti subsp. xylinum IF03288 strain, and the Acetobacter 
aceti IF03283 strain can be used. 

Furthermore, examples of bacteria belonging to the genus Gluconacetobacter 
include the Gluconacetobacter europaeus DSM6160 strain and Gluconacetobacter 
10 entanii. Specifically, for example, the Acetobacter altoacetigenes MH-24 strain 
(FERM BP-491) can be used. 

Methods for introduction of a recombinant vector into bacteria including 
acetic acid bacteria are not specifically limited, as long as they are suitable for 
introducing DNA into bacteria. Examples of such method include a method using a 
15 calcium ion (e.g., see Fukaya, M. et al., Agric. Biol. Chem., 1985, 49: 2091-2097) and 
an electroporation method (e.g., see Wong, H. et al., Proc. Natl. Acad. Sci. U.S.A., 1990, 
87: 8130-8134) or the like. 

When yeast is used as a host, Saccharomyces cerevisiae and 
Shizosaccharomyces pombe are used, for example. Methods for introduction of a 
20 recombinant vector into yeast are not specifically limited, as long as they are suitable for 
introducing DNA into yeast. Examples of such method include an electroporation 
method, a spheroplast method, and a lithium acetate method. 

Transformants can be selected using the properties of a marker gene on a 
vector to be introduced. For example, when a neomycin resistance gene is used, 
25 microorganisms showing resistance to a G418 drug are selected. 

In a preferred embodiment of the present invention, a transformant can be 
obtained by transferring a recombinant vector containing nucleic acids that have at least 
the nucleotide sequence shown in SEQ ID NO: 1, for example, a recombinant vector 
pOMPAl, wherein the nucleic acids have been inserted into an acetic acid 
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heLCtenum-Escherichia coli shuttle vector (multi-copy vector) pUF106, into the 
Acetobacter aceti No. 1023 (PERM BP-2287) strain; or by introducing a recombinant 
vector pOMPA2, wherein the nucleic acids have been inserted into an acetic acid 
hdiCXtfwxm-Escherichia coli shuttle vector (multi-copy vector) pGI18, into the 
Acetobacter aceti subsp. xylimnn IFO 3288 strain. 

When a growth-promoting function is enhanced as described above in acetic 
acid bacteria belonging to the genus Acetobacter or the genus Gluconacetobacter having 
ability to oxidize alcohol, the production amount and production efficiency of acetic 
acid can be increased. 

4. Vinegar production method 

Microorganisms (acetic acid bacteria) having a selectively enhanced 
growth-promoting function (as a result of the amplification of the number of copies of a 
gene having such growth-promoting function) and having ability to oxidize alcohol are 
produced as described in the above section "3. Acetic acid-resistant microorganism of 
the present invention." Such microorganisms can be used for producing vinegar, 
because they can grow in the presence of acetic acid and produce acetic acid. Hence, 
microorganisms having amplified copy number of the ompA gene are cultured in a 
medium containing alcohol and then caused to produce and accumulate acetic acid in the 
medium, so that vinegar containing acetic acid at a high concentration can be efficiently 
produced. 

Acetic acid fermentation in the production method of the present invention 
may be carried out in a manner similar to a vinegar production method involving a 
conventional fermentation method using acetic acid bacteria, but a method for 
fermentation is not specifically limited thereto. A medium to be used for acetic acid 
fermentation may be either a synthetic or a natural medium as long as it contains a 
carbon source, a nitrogen source, an inorganic substance, and ethanol, and, if necessary, 
contains appropriate amounts of nutrition sources required for the growth of the 
employed microbial strain. 

15 



Examples of a carbon source include various carbohydrates such as glucose 
and sucrose and various organic acids. As a nitrogen source, a natural nitrogen source 
such as peptone or lysate of the fermentation microorganisms can be used. 

Furthermore, culture is carried out under aerobic conditions such as those of a 
5 static culture method, a shaking culture method, or an aeration and agitation culture 
method. Culture is carried out generally at 30^C. The pH for a medium generally 
ranges from 2.5 to 7 and preferably ranges from 2.7 to 6.5. The pH can also be 
adjusted using various acids, various bases, buffers, and the like. Culture is generally 
carried out for 1 to 21 days. 
10 Through culture of microorganisms having an amplified number of copies of 

the ompA gene, acetic acid is accumulated at a high concentration in a medium. 
Furthermore, the growth rate of such microorganisms is improved, so that the acetic acid 
production rate becomes improved. 

According to the present invention, a growth-promoting function can be 
15 conferred to microorganisms so as to enhance the growth thereof Furthermore, in 
microorganisms having ability to oxidize alcohol and particularly in acetic acid bacteria, 
the growth function (resistance to acetic acid) in the presence of a high acetic acid 
concentration is enhanced and the growth induction period is significantly shortened. 
Thus, ability to efficiently accumulate acetic acid at a high concentration in a medium 
20 can be conferred to such microorganisms and such bacteria. The thus generated 
microorganisms (acetic acid bacteria) are useful in production of vinegar containing 
acetic acid at a high concentration. 



Examples 

25 The present invention will be further described specifically by referring to 

examples. However, the technical scope of the present invention is not limited by 

these examples. 

[Example 1] Cloning of a gene derived from Glnconacetobacter entami having a 
growth-promoting function and determination of the nucleotide sequence and the amino 
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acid sequence thereof 

(1) Construction of chromosomal DNA library 

The Aceiobacier altoacetigenes MH-24 strain (PERM BP-491), which is a 
strain of Gluconacetobacter entanii, was cultured in shaking culture at 30°C in a YPG 
medium (3% glucose, 0.5% yeast extract, and 0.2% polypeptone) supplemented with 6% 
acetic acid and 4% ethanoL After the cultivation, the culture medium was centrifuged 
(7,500 X g for 10 minutes), thereby obtaining bacterial cells. From the thus obtained 
bacterial cells, chromosomal DNAs were prepared according to a chromosomal DNA 
preparation method (e.g., see JP Patent Publication (Kokai) No. 60-9489 A (1985)). 

The chromosomal DNAs obtained in the above manner were partially digested 
with a restriction enzyme Sau3A I (from TAKARA BIO INC.). Escherichia co//-acetic 
acid bacterium shuttle vector pUF106 was completely digested and cleaved with a 
restriction enzyme BamH I. Appropriate amounts of these DNAs were mixed in and 
then ligated using a ligation kit (TaKaRa DNA Ligation Kit Ver. 2, from TAKARA BIO 
INC.), thereby constructing a chromosomal DNA library of Gluconacetobacter entanii. 

(2) Cloning of a gene having a growth-promoting function 

The chromosomal DNA library of Gluconacetobacter entanii obtained as 
described above was transformed into the Acetobacter aceti No. 1023 strain (PERM 
BP-2287) that is known to generally require 4 days to grow on an agar medium 
containing 1% acetic acid. The bacterial cells were then cultured on a YPG agar 
medium containing 1% acetic acid and 100 [ig/ml ampicillin at 30°C for 3 days. 
Colonies generated within 3 days were inoculated and cultured on a YPG medium 
containing 100 |Lig/ml ampicillin and then plasmids were collected from the obtained 
bacterial cells. An approximately 2.3-kbp Sau3A I fragment was cloned as shown in 
Fig. 1, and the plasmid was named pSlO. 

As described above, a gene fragment was obtained that has a 
growth-promoting function enabling the Acetobacter aceii No. 1023 strain to grow 
within 3 days on an agar medium containing 1% acetic acid, although the strain 
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generally requires 4 days to grow on such an agar medium containing 1% acetic acid. 

(3) Determination of the nucleotide sequence of the cloned DNA fragment 

The above cloned Saii3A I fragment was inserted into the BamH I site of 
5 pUC19, and then the nucleotide sequence of the fragment was determined by Sanger's 
dideoxy chain termination method. As a result, the nucleotide sequence shown in SEQ 
ID NO: 1 was determined. Sequencing was carried out for the entire region of both 
DNA strands with all the cleavage points overlapping each other. The thus obtained 
gene was named ompA. 

10 In the nucleotide sequence shown in SEQ ID NO: 1, the presence of an open 

reading frame encoding 399 amino acids shown in SEQ ID NO: 2 (Fig. 3) ranging from 
nucleotide Nos. 1^80 to 1376 was confirmed. 

[Example 2] Effect of shortening the growth induction period in a transformant with a 
15 gene having a growth-promoting function from Gluconacetobacter entanii 
(1) Transformation into Acetobacter aceti 

The above ompA gene cloned according to Example 1 from the Acetobacter 
altoacetigenes MH-24 strain (PERM BP-491) was amplified by the PGR method using 
KOD-Plus- (from TOYOBO CO., LTD.). The thus amplified DNA fragment was 
20 inserted into the restriction enzyme Sma I cleavage site of the acetic acid 
hdiCtQuum-Escherichia coil shuttle vector pUF106 (e.g., see Eujiwara, M. et al., 
CELLULOSE, 1989, 153-158), so as to prepare a plasmid pOMPAl. The amplified 
fragment inserted in pOMPAl is schematically shown in Fig. L Fig. 1 shows the 
restriction enzyme map of the Glnconacetobacter entami-denved gene fragment (pSlO) 
25 cloned using SatiSA I, the position of the gene having the growth-promoting function, 
and the fragment inserted into pOMPAl. 

The PCR method was carried out as described in detail below. Specifically, 
PCR was carried out under the following PCR conditions using a genomic DNA of the 
Acetobacter altoacetigenes MH-24 strain. as a template, primer 1 
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(5'-GTTTCCCGGAATTCCCGTTTCAGCTCCTTC-3': SEQ ID NO: 3), primer 2 
(5'-ATATCTTTCAGGGCATTTGGAGGTATTCCG-3': SEQ ID NO: 4), and 
KOD-Plus- (from TOYOBO CO., LTD.). 

Specifically, the PGR method was carried out for 30 cycles, each comprising 
5 94°C for 15 seconds, 60''C for 30 seconds, and 68^C for 1 minute. 

The pOMPAl was transformed into the Aceiobacier aceti No. 1023 strain by 
an electroporation method (e.g., see Wong, HC. et al., Proc. Natl. Acad. Sci. U.S.A., 
1990, 87: 8130-8134). The transformant was selected using a YPG agar medium 
supplemented with 100 |-ig/ml ampicillin and 1% acetic acid. 
10 Plasmids were extracted from the ampicillin-resistant transformant that had 

grown on the selection medium within 3 days and then analyzed according to a 
conventional method. Thus, it was confirmed that the strain retained plasmids having 
the gene with the growth-promoting function. 

15 (2) Acetic acid fermentation test using the transformant 

The ampicillin-resistant transformant obtained as described above having the 
plasmid pOMPAl and the original Acetobacter aceti No. 1023 strain having only the 
shuttle vector pUF106 were compared in terms of acetic acid fermentation ability. 

Specifically, aeration and agitation culture was carried out in a 2.5 L YPG 

20 medium containing 1% acetic acid, 4% ethanol, and 100 |-ig/ml ampicillin at 30°C, 400 
rpm, and 0.20 vvm using a 5 L mini-jar fermentor (from Mitsuwa Scientific Corp.; 
KMJ-5A). The strains were allowed to ferment to an acetic acid concentration of 3%. 
Subsequently, some of the culture medium was removed, with 700 mL of the culture 
medium left in the mini-jar fermentor. A 1.8 L YPG medium containing acetic acid, 

25 ethanol, and 100 ng/ml ampicillin was added to the remaining 700 ml of the culture 
medium to an acetic acid concentration of 3% and an ethanol concentration of 4%. 
Acetic acid fermentation was initiated again. Aeration and agitation culture was 
continued while adding ethanol so as to maintain the ethanol concentration of 1% in the 
medium. The transformant was compared with the original strain in terms of acetic 
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acid fermentation ability. The results are summarized in Table 1. 



Table 1 





Final acetic 

acid 
concentration 
achieved (%) 


Specific growth rate 
(OD660/hr) 


Production 
rate 

(%/hr) 


Growth 
induction period 
(hr) 


Original 
strain 


9.9 


0.0162 


0.071 


54.4 


Transformant 


9.8 


0.0213 


0.072 


5.0 



5 Based on the results in Table 1, it can be confirmed that in the case of the 

transformant, the specific growth rate was significantly higher, the growth induction 
period was significantly shortened, and the transformant was able to efficiently conduct 
acetic acid fermentation. 



10 [Example 3] Enhancement of acetic acid resistance of the transformant with a gene 
having a growth-promoting function from Ghwonacetobacter entanii 
(1) Construction of acetic acid h2iCtQr\um-Escherichia coli shuttle vector pGI18 

pGIlS was constructed using an approximately 3.1-kb plasmid pGIl derived 
from t\\Q Acetobacter altoaceti genes MH-24 strain (PERM BP-491) and pUClS. 
15 Specifically, bacterial cells were collected from the culture medium of the 

Acetobacter altoacetigenes MH-24 strain (PERM BP-491), lysed using sodium 
hydroxide or sodium dodecyl sulfate, treated with phenol, and then treated with ethanol, 
thereby purifying plasmid DNA. 

The thus obtained plasmid was a circular double-stranded DNA plasmid 
20 having 3 recognition sites for Hinz II and 1 recognition site for Sfi I. The entire length 
of the plasmid was approximately 3100 base pairs (bp). Purthermore, the plasmid did 
not have recognition sites for £"coR I, Sac I, Kpn I, Sma I, BoniH I, Xba I, Sol I, Pst I, 
Sph I, or Hind III. The plasmid was named pGIl and used for the construction of the 
vector pGI 18. 
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The above-obtained plasmid pGIl was amplified by the PGR method using 
KOD-Plus- (from TOYOBO CO., LTD.). The amplification products were cleaved 
with Aat II. The fi-agment was inserted into the restriction enzyme Aat II cleavage site 
of pUC18, thereby preparing a plasmid pGI18 (Fig. 4) . 

The PCR method was carried out as described in detail below. Specifically, 
PCR was carried out under the following PCR conditions using a plasmid pGIl as a 
template and primer A (SEQ ID NO: 6) and primer B (SEQ ID NO: 7), which have 
restriction enzyme Aat II recognition sites, as primers. 

Specifically, the PCR method was carried out for 30 cycles, each comprising 
94^C for 30 seconds, 60°C for 30 seconds, and 68°C for 3 minutes. 

As shown in Fig. 4, the thus obtained plasmid pGIlB contained both pUC18 
and pGIl, and the entire length thereof was approximately 5800 base pairs (5.8 kbp). 

The nucleotide sequence of the plasmid pGI18 is shown in SEQ ID NO: 5. 

(2) Transformation xvlXo Acetohacter aceti subsp. xylinum 

The gene derived from the Acetobacter altoacetigenes MH-24 strain (FERM 
BP-491) having the growth-promoting function obtained in Example 1 was amplified by 
the PCR method using KOD-Plus- (from TOYOBO CO., LTD.). The acetic acid 
hdiOX^num-Escherichia coli shuttle vector pGI18 constructed in (1) was cleaved with a 
restriction enzyme Sma I. The amplified DNA fragment was then inserted into the 
restriction enzyme Swa I cleavage site of the shuttle vector, so as to prepare a plasmid 
pOMPA2. The amplified fragment inserted in pOMPA2 is schematically shown in Fig. 
1 . Fig. 1 shows the restriction enzyme map of the Glnconacetobacter enianii-dcrwed 
gene fragment (pSlO) cloned using San3A I, the position of the gene having the 
growth-promoting function, and the fragment inserted into pOMPA2. 

The PCR method was carried out as described in detail below. Specifically, 
PCR was carried out under the following PCR conditions using a genomic DNA of the 
Acetobacter altoacetigenes MH-24 strain as a template, primer 1 
(5'.GTTTCCCGGAATTCCCGTTTCAGCTCCTTC-3': SEQ ID NO: 3), primer 2 
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(5'-ATATCTTTCAGGGCATTTGGAGGTATTCCG-3': SEQ ID NO: 4), and using 
KOD-Plus- (from TOYOBO CO., LTD.), 

Specifically, the PGR method was carried out for 30 cycles, each comprising 
94°C for 15 seconds, 60°C for 30 seconds, and 68°C for 1 minute. 
5 The pOMPA2 was transformed into the Acetobacter aceti subsp. xylinum 

IF03288 strain, which is a strain of Acetobacter aceti subsp. Xylimim, by the 
electroporation method (e.g., see Wong, HC. et al., Proc. Natl. Acad. Sci. U.S.A., 1990, 
87:8130-8134). The transformant was selected using a YPG agar medium 
supplemented with 100 |ig/ml ampicillin and 1% acetic acid. 
10 Plasmids were extracted from the ampicillin-resistant transformant that had 

grown on the selection medium and then analyzed according to a conventional method. 
Thus, the retention of plasmids having the acetic acid resistance gene was confirmed. 

(3) Resistance of the transformant to acetic acid 
15 The ampicillin-resistant transformant having the plasmid pOMPA2 obtained 

in (2) above was compared with the original Acetobacter aceti subsp. xyJimim IF03288 

strain having only the shuttle vector pGI18 introduced therein in terms of growth in a 

YPG medium supplemented with acetic acid. 

Specifically, shaking culture (150 rpm) was carried out at 30°C in 100 ml of a 
20 YPG medium containing 3% acetic acid and 100 jxg/ml ampicillin. The growth of the 

transformant and that of the original strain in the medium supplemented with acetic acid 

were compared by measuring bacteria concentrations at 660 nm. 

As a result, as shown in Fig. 2, in the medium supplemented with 3% acetic 

acid, it could be confirmed that whereas the transformant (indicated with open circles) 
25 could grow, the original Acetobacter aceti subsp, xyliimm IF03288 strain (indicated 

with closed circles) was unable to grow. Thus, the function to enhance resistance to 

acetic acid of the gene having the growth-promoting function could be confirmed. 

[Example 4] Acetic acid fermentation test for the transformant with a gene having a 
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growth-promoting function from Gluconacetobacter entanii 

The ampicillin-resistant transformant having the plasmid pOMPA2 obtained 
in Example 3 was compared with the original Acetobacter aceti subsp. xylinum IF03288 
strain having only the shuttle vector pGI18 introduced therein in terms of ability to 
5 ferment acetic acid. 

Specifically, a 5 L mini-jar fermentor (from Mitsuwa Scientific Corp.; 
KMJ-5A) was filled with a YPG medium having an acetic acid concentration of 1% and 
an alcohol concentration of 4%. The transformant or the original strain was inoculated 
at 0.4% onto the medium. Aeration and agitation culture was then initiated at a 
10 fermentation temperature of 32°C, 500 rpm, and 0.20 vvm. When the acetic acid 
concentration increased to 4% as fermentation proceeded, addition of a raw-material 
medium (alcohol concentration of 7.8% and acetic acid concentration of 0.26%), which 
had been prepared by mixing a 17.9% solution of saccharified rice, a 3.2% acetic acid 
fermentation solution, 7.8% alcohol, and 71.1% water, was initiated. Fermentation 
15 was further continued until the acetic acid concentration was increased to 7.2%. 

When acetic acid concentration was increased to 7.2%, continuous 
fermentation was carried out while adjusting the addition rate of the raw-material 
medium so as to be able to maintain the acetic acid concentration. 

In terms of the addition rate of the raw-material medium, that is, addition rate 
20 (proportional to production rate), the transformant and the original strain were compared. 
The results are shown in Table 2, 

Moreover, the transformant and the original strain were also compared in 
terms of acetic acid fermentation ability, when the addition rate in the case of the 
transformant was adjusted to be almost equivalent to that of the original strain at the 
25 time of continuous fermentation at an acetic acid concentration of 7.2%. The results 
are shown in Table 3. 
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Table 2 





Acetic acid 


Bacteria 


Addition rate 




concentration 


concentration 


(g/hr) 




(%) 


(OD660) 




Original strain 


7.17 


0.675 


87.2 


Transformant 


7.23 


0.675 


98.5 


Table 3 




Acetic acid 


Bacteria 


Addition rate 




concentration 


concentration 


(g/hr) 




(%) 


(OD660) 




Original strain 


7.24 


0.712 


87.1 


Transformant 


7.64 


0.695 


91.1 



Based on the results in Table 2, it was shown that also in the case of 
continuous acetic acid fermentation, productivity (addition rate of the raw-material 
medium) was higher and better in the case of the transformant compared with the 
original strain. 

Furthermore, based on the results in Table 3, it was revealed that when 
continuous acetic acid fermentation was carried out at constant productivity (addition 
rate of the raw-material medium), the transformant could perform continuous acetic acid 
fermentation with a higher acetic acid concentration and had better resistance to acetic 
acid compared with the original strain. 

15 Industrial Applicability 

The present invention provides a novel gene having a growth-promoting 
function. A strain that can be obtained through the use of the gene has an enhanced 
growth function (resistance to acetic acid) in the presence of a high acetic acid 
concentration, a shortened growth induction period, and improved resistance to acetic 

20 acid. Such strain can be used for highly efficient production of vinegar with a high 
acetic acid concentration. Hence, the present invention is useful in the highly efficient 
production of vinegar with a high acetic acid concentration. 
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All publications, patents, and patent applications cited herein are incorporated 
herein by reference in their entirety. 

5 Sequence Free Text 

SEQ ID NOS: 3, 4, 6, and 7: synthetic oligonucleotides 
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